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Methods: We	sampled	 six	dominant	 taxa	of	 litter‐dwelling	macro‐arthropods	 (car‐
abid	 beetles,	 spiders,	 harvestmen,	 centipedes,	 millipedes	 and	 woodlice)	 in	 forest	
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1  | INTRODUC TION
Many	landscapes	around	the	world	show	increasing	amounts	of	for‐
est	 edges	 because	 of	 extensive	 forest	 fragmentation,	 due	 to	 land	
conversion	for	agriculture,	infrastructure	or	residential	areas	(Ibisch	
et	 al.,	 2016;	Wade,	 Riiters,	Wickham,	&	 Jones,	 2003).	 In	Western	
Europe,	 this	 fragmentation	 has	 led	 to	 scattered	 small	 forest	 frag‐
ments	 within	 an	 agricultural	 matrix	 (Decocq	 et	 al.,	 2016;	 Kolb	 &	




major	 drivers	 of	 negative	 effects	 of	 forest	 habitat	 fragmentation	
(Harrison	&	Bruna,	1999),	 in	particular	 for	 forest	 interior	specialist	
species	(Pfeifer	et	al.,	2017).
Forest	 edges	 have	 very	 different	 abiotic	 conditions	 compared	
to	interiors	for	example,	higher	temperature,	litter	input…	(Delgado,	
Arroyo,	 Arévalo,	 &	 Fernández‐Palacios,	 2007;	 Gehlhausen,	
Schwartz,	 &	 Ausperger,	 2000;	 Matlack,	 1993)	 generally	 favour‐
ing	biotic	activity	 (De	Smedt	et	al.,	2016;	Remy,	Wuyts,	Verheyen,	
Gundersen,	&	Boeckx,	 2018)	 and	 therefore	we	 can	expect	 strong	
changes	in	community	compositions	and	ecosystem	processes	along	











and	 interior	can	result	 in	higher	differences	 in	community	compo‐
sition	between	 forest	edge	and	 interior	 in	old	compared	 to	young	











other	 forest	 types	or	 abandoned	 fields)	manifest	 less	 strong	edge	
effects	compared	to	“hard	edges”	(e.g.,	forest	edges	bordering	very	













sulted	 in	 stronger	 edge‐to‐interior	 gradients	 while	 recent	 forests,	 north‐oriented	
edges	and	sharp	land	use	edges	induced	similarity	between	forest	edge	and	interior	
along	 the	 forest	edge‐to‐interior	gradients	 in	 terms	of	species	activity‐density	and	
composition.
Main conclusions: Edge	effects	on	litter‐dwelling	macro‐arthropods	are	anticipated	
to	 feedback	on	 important	 ecosystem	 services	 such	 as	nutrient	 cycling,	 carbon	 se‐
questration	and	natural	pest	control	from	small	forest	fragments.
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been	 studied	 (Ries,	 Fletcher,	Battin,	&	Sisk,	 2004).	 Identifying	 the	
drivers	of	edge	 response	strength	 is	 important	 for	habitat	conser‐
vation,	because	it	can	define	the	area	of	undisturbed	interior	forest	

















Coleoptera,	 Carabidae),	 spiders	 (Arachnida,	 Araneae),	 harvestmen	
(Arachnida,	Opiliones)	and	centipedes	 (Chilopoda),	and	detritivores	
being	millipedes	(Diplopoda)	and	woodlice	(Malacostraca,	Isopoda).
Within	 forest	 fragments,	 we	 expect	 higher	 abundance	 of	 lit‐
ter‐dwelling	macro‐arthropods	 in	 forest	edges	 compared	 to	 forest	
interiors	 (H1).	We	 expect	 this	 contrast	 to	 become	 higher	with	 in‐
creasing	distance	from	the	forest	edge	as	well	as	increased	dissim‐


















land	 use	maps	 (from	 the	18th,	 19th,	 20th	 centuries),	 respectively,	
within	 a	 geographic	 information	 system	 environment	 (ArcGis®	
v.10.2,	ESRI).	Forest	size	ranged	from	0.08	ha	to	28.19	ha	with	a	me‐
dian	of	1.31	ha.	Forest	temporal	continuity	(hereafter	called	forest	





















water	 surface	 tension.	 Traps	 were	 covered	 with	 aluminium	 roofs,	
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leaving	a	gap	of	about	3	cm	for	arthropods	to	enter.	We	sampled	in	
the	interior	(centre)	of	each	forest	fragment	as	well	as	at	the	edge,	






which	 are	 supposed	 to	 favour	 macro‐arthropods	 because	 of	 the	
warmer	microclimate	(Chen	et	al.,	1995).	If	this	aspect	was	not	suit‐
able	(e.g.,	edge	bordered	by	a	ditch,	road	or	other	physical	barrier),	



























ple	 point	 level,	 resulting	 in	 one	 activity‐density	 value	 for	 the	 for‐
est	 edge	 and	 one	 for	 the	 forest	 interior	 per	 forest	 fragment	 and	
per	 taxon.	These	 two	values	were	used	 to	calculate	an	effect	 size	
expressing	the	strength	of	the	edge	effect,	as	the	change	in	activ‐
ity‐density	 (AD)	 from	 interior	 to	 edge.	Here,	we	 used	 the	 natural	
logarithm	of	 the	 response	 ratio	ADs	 (Hedges,	Gurevitch,	&	Curtis,	
1999):	 ln	 (ADedge/ADinterior).	This	 response	 ratio	will	be	 referred	 to	
as	edge	effect	on	activity‐density	throughout	the	manuscript.	This	
edge	 effect	 on	 activity‐density	was	 only	 calculated	 for	 a	 taxon	 if	
















recent),	 edge	 orientation	 (south‐oriented	 vs.	 north‐oriented)	 and	
edge	contrast	(crop	vs.	grassland).	We	also	included	the	interaction	
between	distance	and	forest	age,	distance	and	edge	orientation,	and	
distance	and	edge	contrast,	 in	order	 to	 test	whether	 the	effect	of	
forest	and	edge	characteristics	on	AD	and	community	composition	
depended	on	distance	between	 forest	edge	and	 interior.	Distance	
was	 log‐transformed	and	centred	 to	average	 to	 zero	across	 all	 re‐
gions.	We	used	again	a	linear	multilevel	model	(lmer‐function)	with	
landscape	window	within	region	as	random	effect	and	allowed	the	




























ing	 to	 the	same	procedure	as	used	 for	 the	activity‐density	model.	
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Across	all	 six	 taxa,	we	 identified	182,118	 individuals	 covering	598	





3.1 | Edge effect on activity‐density
The	edge	effect	on	activity‐density	differed	 significantly	between	
taxa	 (F(6,141)	=	15.12,	 p	<	0.001)	 (Figure	 2).	 Spiders	 (t182	=	6.27,	
p	<	0.001),	 millipedes	 (t201	=	3.51,	 p	<	0.001)	 and	 woodlice	
(t182	=	6.22,	 p	<	0.001)	 had	 higher	 activity‐density	 in	 forest	 edges	
compared	 to	 interiors.	 Harvestmen	 activity‐density	 tended	 to	 be	
higher	 in	 forest	 interiors	 compared	 to	 forest	 edges	 (but	 note	 that	
t211	=	−1.81,	p	=	0.07).	Activity‐density	of	carabid	beetles	(t184	=	1.19,	
p	=	0.24),	 and	 centipedes	 (t412	=	−0.02,	p	=	0.98)	 did	 not	 differ	 be‐
tween	forest	edges	and	interiors.
Across	 all	 taxa,	 the	 edge	 effect	 on	 activity‐density	 was	 influ‐
enced	by	the	distance	between	forest	edge	and	interior	(Table	1)	but	
only	 in	older	forest,	not	 in	recent	forest	 (Figure	3).	 In	older	forest,	
larger	distances	between	forest	edges	and	interiors	led	to	stronger	




larger	 distances	 between	 forest	 edges	 and	 interiors	 led	 to	 more	




Figure	 S3.1).	 The	 edge	 effect	 on	 activity‐density	 for	 spiders	 in‐
creased	when	distances	between	forest	edges	and	interiors	became	
larger	(Supporting	Information	Figure	S3.2).	For	carabid	beetles	and	
spiders,	 there	 was	 no	 response	 for	 edges	 bordered	 by	 cropland.	
The	edge	effect	on	activity‐density	depended	on	edge	orientation	
for	spiders,	with	 larger	distances	between	forest	edges	and	 interi‐





lice	 activity‐density	 showed	 a	 similar	 pattern	 as	 the	 overall	 trend	
(Supporting	 Information	 Figure	 S3.5).	 No	 significant	 trends	 were	
observed	 for	 harvestmen	 and	 centipedes	 (Supporting	 Information	
Table	S3.1).
3.2 | Edge effect on community composition
Edge	 effects	 on	 community	 composition	 (compositional	 variation)	
within	 forest	 fragments	 differed	 between	 taxa	 (F(5,822)	=	108.84,	
p	<	0.001),	with	 spiders	 showing	 the	highest	overall	 compositional	
variation,	 followed	by	 carabid	 beetles	 (Figure	4a).	Centipedes	 and	
millipedes	 had	 a	 lower	 overall	 compositional	 variation,	 but	 higher	
compared	to	harvestmen	and	woodlice	(Figure	4a)	(see	Supporting	
Information	Appendix	S4).	For	carabid	beetles	and	spiders,	the	com‐
positional	 variation	 between	 forest	 interior	 and	 edge	 was	 mostly	
derived	 from	turnover	 (70%	and	83%,	 respectively).	For	 the	other	
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Across	 all	 taxa,	 compositional	 variation	 and	 turnover	were	 in‐
fluenced	 by	 the	 actual	 distance	 between	 forest	 edge	 and	 interior	
(Table	2)	in	older	forest	(Figure	5a)	and	south‐oriented	forest	edges	
(Figure	 5d),	 not	 in	 recent	 forest	 (Figure	 5b)	 or	 in	 north‐oriented	
forest	 edges	 (Figure	5c).	 In	older	 forest	 and	 south‐oriented	 forest	





but	 not	 in	 north‐oriented	 edges	 (Supporting	 Information	 Figure	
S5.1).	 Millipede	 compositional	 variation	 increased	 with	 increasing	
distance	 between	 forest	 edge	 and	 interior	 in	 older	 forest	 but	 not	
in	 recent	 forest	 (consistent	 with	 the	 overall	 pattern)	 (Supporting	
Information	Figure	S5.2).
4  | DISCUSSION










4.1 | Activity‐density in forest edges 
versus interiors
The	 higher	 activity‐density	 of	 different	 litter‐dwelling	 taxa	 sug‐
gests	 that	 the	habitat	 conditions	 in	 forest	edges	are	more	 favour‐
able	for	arthropods	compared	to	forest	interiors.	Forest	edges	have	
higher	 temperatures	 (Delgado	 et	 al.,	 2007;	Heithecker	&	Halpern,	
2007),	 which	 increases	 arthropod	 activity,	 metabolic	 rate	 and	 re‐
sults	in	a	shorter	reproduction	time	(Gillooly,	Brown,	West,	Savage,	
&	Charnov,	2001).	Additionally,	edge	leaf	litter	has	a	lower	C/N‐ratio	
(De	Smedt	et	al.,	2016)	 resulting	 in	better	 food	quality	 for	detriti‐
vore	taxa,	such	as	woodlice	and	millipedes	(David	&	Handa,	2010).	















est	 interiors	 compared	 to	 forest	 edges.	 The	observed	 distribution	
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has	 also	 been	 established	 for	 plants	 in	 forest	 edges	 (Chabrerie,	
Jamoneau,	Gallet‐Moron,	&	Decocq,	2013).	Next	to,	environmental	
conditions	 favouring	 fast	 population	 growth,	 the	 increased	use	 of	
pesticides	 close	 to	 forest	 edges	might	 also	 select	 for	 r‐strategists	
(Chabrerie	 et	 al.,	 2013).	 Nevertheless,	 the	 net	 overall	 distribution	
pattern	of	 the	different	 taxa	 is	a	balance	between	the	positive	ef‐
fects	of	suitable	environmental	and	food	conditions	in	forest	edges	
and	the	negative	response	to	decreased	moisture	availability.
4.2 | Activity‐density contrast and community 




where	 distance	 between	 forest	 edge	 and	 interior	 always	 interacted	
with	forest	(edge)	characteristics,	proving	the	strong	context‐depend‐
ency	 of	 forest	 edge‐to‐interior	 gradients.	 Compositional	 variation	




variation	 (Baselga,	 2010).	 Species‐poor	 taxa	 had	 low	 relative	 turno‐






forest	 interior	 species.	 However,	 typical	 interior	 communities	 have	













































increased	 species	 replacement	 in	 older	 forest.	 Interior	 communi‐
ties	are	more	stable	compared	to	edge	communities	in	older	forest	
(Ewers	&	Didham,	2008),	but	this	might	not	be	the	case	for	recent	
forest	 fragments,	which	 can	 be	more	 dynamic	 compared	 to	 older	
forest	because	of	the	ongoing	forest	succession.	These	recent	for‐














because	 they	 need	 complexity	 for	 both	 hunting	 and	web	building	
(Hatley	&	Macmahon,	1980;	Uetz,	1991)	for	example,	in	forest	edges	
(Baldissera,	 Ganade,	 &	 Fontoura,	 2004).	 Vegetation	 structure	 and	
plant	community	composition	show	a	stronger	gradient	and	 larger	
penetration	 depth	 in	 south‐oriented	 compared	 to	 north‐oriented	
edges	 (Fraver,	 1994;	 Honnay,	 Verheyen,	 &	 Hermy,	 2002),	 which	
might	explain	the	observed	spider	gradients.	The	same	mechanisms	
are	probably	causing	the	observed	compositional	variation	pattern	
for	 spiders,	 and	 all	 taxa	 combined.	 South‐oriented	 edges	 provide	
therefore	not	only	habitat	for	more	individuals	but	also	for	different	
species	compared	to	forest	interiors.
All	 spiders	 and	 more	 than	 90%	 of	 our	 carabid	 individuals	 are	
predators	 with	 great	 potential	 for	 natural	 pest	 control	 (Holland	
&	 Luff,	 2000;	 Marc	 &	 Canard,	 1997;	 Symondson,	 Sunderland,	 &	
Greenstone,	 2002;	 Tscharntke	 et	 al.,	 2012).	 Carabid	 beetles	 and	
spiders	showed	a	changing	activity‐density	response	along	the	for‐
est	 edge‐to‐interior	 gradients	 at	 lower	 contrast	 edges	 (grasslands)	
but	not	on	higher	contrast	edges	(crop	fields).	Most	of	the	studied	






































because	of	 a	more	 stable	 grassland	 community	 compared	 to	 crop	




in	more	 temporal	 fluxes	 of	 predators.	 These	 findings	 support	 the	
potential	of	predatory	taxa	from	the	agricultural	matrix	to	influence	
arthropod	dynamics	 in	 semi‐natural	 vegetation	 fragments	 through	
their	edge	 (see	e.g.,	Tscharntke,	Rand,	&	Bianchi,	2005).	However,	
the	observed	patterns	might	be	explained	by	the	fact	that	meadows	
and	 croplands	 have	 different	 arthropod	 communities	 (Jeanneret,	
Schüpbach,	Pfiffner,	&	Walter,	2003;	Samu	&	Szinetár,	2002),	 and	
species‐specific	 responses	 might	 govern	 distributional	 patterns	
(Magura,	2002;	Niemelä,	Langor,	&	Spence,	1993).
4.4 | Conclusion
We	 showed	 strong	 edge	 responses	 of	 litter‐dwelling	 arthropods	
with	generally	higher	activity‐density	in	forest	edges.	However,	the	
strength	 of	 the	 edge	 effect	 depended	 on	 the	 actual	 distance	 be‐
tween	 interior	and	edge	and	 the	 interaction	with	 forest	age,	edge	






2,000	km	 from	 Southern	 France	 up	 to	 central	 Sweden.	 In	 conse‐
quence,	these	strong	gradients	could	have	important	consequences	
for	 ecosystem	 functioning.	 All	 studied	 taxa	 are	 important	 links	 in	
the	detrital	food	web	and	therefore	of	key	importance	for	nutrient	
cycling	in	forest	habitats	(Lavelle,	1997).	Of	the	global	net	primary	
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production,	80%	enters	 the	detrital	 food	web.	However	 this,	 food	
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